Background: In this study we assess the prevalence, characteristics as well as socio-demographic and clinical correlates of a positive screen for HIV-associated dementia in a group of patients on antiretroviral therapy (ART) in Bamenda, Cameroon. Methods: In a cross-sectional study, a structured questionnaire was used to collect data on 400 patients attending the Bamenda Regional Hospital AIDS-treatment Centre. Patients were assessed for neurocognitive function using the International HIV Dementia Scale (IHDS) to assess finger-tapping (FT), alternating hand sequence (AHS) and a 4-word recall (4WR), each scored on a maximum of four. Results: A total of 297 (74%) participants were females. The total IHDS score ranged from 6-12 with a mean of 9.02 and 85% of subjects screened positive for dementia (≤10 on IHDS). Participants performed worst in the AHS assessment with a mean of 2.25 (IQR: 2-3). In multivariable analyses, screening positive for dementia was significantly associated with having primary education or less (aOR: 8.33, 95%CI: 3.85, 16.67), and having HIV symptoms (aOR: 12.16, 95%CI: 3.08, 48.05). Conclusions: A very high proportion of patients on ART screened positive for dementia using the IHDS. This could potentially be an indication of a high prevalence of HIV-associated neurocognitive disorders in this population and or a poor performance of the IHDS in patients on ART. Future studies will need to assess the validity of the IHDS in this population of patients on ART and also evaluate long term outcomes in patients with positive dementia screens.
Background
HIV infection often results in a spectrum of neurocognitive disorders, referred to as HIV-associated neurocognitive disorders (HAND), which need to be diagnosed and appropriately managed early [1, 2] . While these disorders may result directly from the effects of HIV infection on the central nervous system, their clinical manifestation, and thus diagnosis, may be impacted by the overall clinical and neurological status of the patient as well as by the use of antiretroviral therapy (ART), some of which may have neurotoxic effects [3, 4] . Systematic reviews of studies conducted worldwide suggest a prevalence of HAND ranging from 12-56% although the varying diagnostic tools used and study populations involved limit any direct comparisons and inferences to other study populations [5] .
Little is known on the epidemiology of neurocognitive disorders in HIV in Cameroon. A study by Njamnshi et al. [6] reported a prevalence of 21.1% in a group of 204 HIV-positive patients in Yaounde. In a follow-up study, Kanmogne et al. using a battery of 19 standard neuropsychological measures in a cross-sectional study with 44 HIV-positive adults and 44 demographically matched HIV-negative controls, reported worse overall cognition in the HIV-positive individuals [7] . Furthermore, significantly lower performance was seen in the HIV-positive sample on tests of executive function, speed of information processing, working memory, and psychomotor speed. HIV-positive participants with AIDS performed worse than those with less advanced HIV disease [7] . Nevertheless, data on the epidemiology of neurocognitive disorders in HIV patients in general and patients on ART in particular remain scarce in this region of the world.
With the goal of providing epidemiological data that would be useful in designing guidelines for the care of mental diseases in HIV-affected patients in resource-limited settings, we assessed the prevalence, characteristics and demographical and clinical correlates of a positive dementia screen in a group of patients on antiretroviral therapy in Bamenda, Cameroon.
Methods

Ethical considerations
This study received ethical and administrative approval respectively from the Cameroon National Ethics Committee (No. 111/CNE/SE/09), the University of North Carolina at Chapel Hill's Biomedical Institutional Review Board (# 09-0852) and the Duke University Health System IRB (# Pro00016937); and the Ministry of Public Health in Cameroon.
This manuscript was written following STROBE guidelines for the reporting of observational studies [8] .
Study design and setting
We conducted a cross-sectional descriptive study as part of a wider project to assess and adapt the diagnosis and treatment of depression in HIV-positive patients in Bamenda, Cameroon-the ADEPT study. Details of the project have been described elsewhere [9, 10] . In this paper we focus on dementia screening data as well as its correlates.
Briefly, the study was conducted in the Bamenda Regional Hospital AIDS Treatment Centre (BRHATC ) -a centre that receives close to 4000 patients per year for routine HIV-care including follow-up by a physician and paramedical staff.
Study population, sampling and participants
The study population was made of attendants of the BRHATC. To be eligible participants had to be aged between 18 and 55 years, be on antiretroviral therapy, speak English, and provide written informed consent.
Severely ill patients, needing admission or not able to freely communicate were excluded.
Participants were enrolled in the period between May 2010 and October 2010. Each participant was eligible only once. In an attempt to get a sample representative of all attendees to the centre and because it was not possible to recruit and satisfactorily assess all attendees on a particular day (the daily attendance was estimated at more than 50), participants were approached consecutively as they registered at the beginning of their visit in the centre. Once a participant agreed to participate they were given the opportunity to undergo all study enrolment processes (consent and initial identification) after which the research assistant returned to the registration point to recruit the next available participant. Recruitment was pursued until the calculated sample size of 400 was reached.
Data collection, variables and measurements
Standardized questionnaires were used to collect data. The questionnaires, all administered by research assistants, included the following modules administered in chronological order: the Patient Health Questionnaire 9 (PHQ-9) to screen for depressive symptoms in the past two weeks [11] ; a socio-demographic questionnaire (including an assessment of gender, age, marital status, education, and residence), a subjective assessment (as "fair" or "excellent"), by the research assistant, of participant's English proficiency; a questionnaire assessing 13 HIV-related symptoms (new or persistent headaches, fever, oral pain, white patches in the mouth, rashes, nausea, trouble with eyes, sinus infection, numbness in the hands or feet, persistent cough, diarrhoea, weight loss, or abnormal vaginal discharge in women); the World Mental Health Survey Initiative Version of the World Health Organization's Composite International Diagnostic Instrument CIDI (used to assess for lifetime depression and depression diagnosis within the preceding year) [12] ; and the International HIV Dementia scale (IHDS). It is worth noting that it took at least 20 minutes of contact between research staff and study participant before the IHDS tool was administered, thus ensuring that participants were sufficiently relaxed and comfortable with the research staff before the IHDS assessments were conducted.
The IHDS is a standardized cross-culturally assessed tool. It was initially developed and assessed in participants from the USA and Uganda and shown to have sensitivities and specificities of 80% and 57% and 80% and 55% respectively using a cut-off of ≤10 [13] . The tool consists of three assessments: an assessment of motor speed through finger-tapping (FT); an assessment of psychomotor speed through a defined alternating hand sequence (AHS) that a participant is asked to repeat; and an assessment of memory recall through a 4-word recall (4WR) test. FT and AHS are scored on a five-point scale (0-4) while the 4WR is scored out of a maximum of four points, corresponding to the number of words correctly recalled. The IHDS has been used in other populations in sub-Saharan Africa, including in Cameroon [6] . We thus did not seek to re-assess its validity in our study population. However, to reduce the potential for bias in this study the assessment was made solely by a research assistant (a nurse by profession) trained by the study psychiatrist (BNG). The four words "Dog", "Hat", "Bean", and "Red" were used in the 4WR assessment.
Data management and statistical analysis
Data from the questionnaire were entered into an EpiInfo 2000 database (WHO/CDC Atlanta, USA) and analysed using STATA 10 (STATA corps, Dallas, TX, USA). Participant characteristics were described using means, medians, standard deviations and interquartile ranges (IQRs) for continuous variables, and using absolute and relative frequencies of various responses for categorical variables.
To characterize neurocognitive function, we described the frequency of each possible response to each of the three assessments (FT, AHS, 4WR). We also computed the mean, median, range and IQR of the scores for each of the three assessments.
The composite score on the IHDS was computed by adding the scores from the three individual assessments. Correlates of a positive dementia screen were assessed using two methods: considering the IHDS score on a continuous scale (a lower score indicating more impaired neurocognitive function) and considering it as a binary measure with a cut-off point of 10 as used in other settings (a score less than or equal to 10 being considered a positive dementia screen) [13] . In considering the IHDS score as a continuous variable, the bivariable analysis consisted of computing the mean difference (and 95% confidence interval) in the aggregate scores between groups of participants while the multivariable analysis consisted of determining the adjusted mean difference between groups using a multiple linear regression model with IHDS score as outcome and patient characteristics considered as predictors. Predictors were assessed for linearity before being included in the regression model. Considering the IHDS score as a binary measure, the bivariable analysis consisted of comparing the odds of having a positive screen between groups of participants using a Mantel-Haensel Odds ratio (and 95% CI) while the multivariable analysis consisted of computing adjusted odds ratios (aOR) using a multiple logistic regression model with IHDS positive screen as the outcome and patient characteristics considered as predictors.
A sensitivity analysis was conducted to assess the potential impact (on prevalence and correlates) of using an IHDS score cut-off point of ≤9 in defining a positive screen.
A sample size of 400 participants allowed us to estimate a positive dementia screen prevalence of 50%, at a 95% confidence level, allowing for a margin of error of ± 5% and a non-response rate of 5%.
Results
Study participants
The characteristics of the 400 participants included in this analysis are presented in Table 1 . A vast majority were females (74%) and self-declared Christians (99%). The median age was 41 years (IQR 34-47) and 85 (21%) had never been married. One hundred and fifty-five (39%) had greater than primary level education with the English competency being assessed as excellent in 40%. Twohundred and forty-four participants (61%) declared living in an urban area and the estimated median daily expenditure was one US dollar (IQR 1-3).
Overall IHDS score and prevalence of a positive dementia screen
The total IHDS score ranged from 6-12 with an IQR of 8-10 and a mean score of 9.02. The prevalence of participants with a positive screen was respectively 85% and 59% when cut-offs of ≤10 and ≤9 were used.
Characteristics of dementia screen
Of the three assessments, participants performed worst in the AHS assessment ( 
Correlates of a positive dementia screen
The socio-demographic correlates of a positive dementia screen are presented in Table 3 and Table 4 . In bivariable analyses with a cut-off of ≤10, the factors that appeared to be associated with a positive screen included being of female gender, increasing age, having only primary education (compared to greater than primary education), being previously married or currently married/co-habiting (when compared to having never been married), having a diagnosis of depression within the past year, and having symptoms associated with HIV-infection (Table 3 ). However, after adjusting for potential confounding by each of the previously cited factors, only marital status, education and having symptoms associated with HIV-infection remained significant predictors of a positive dementia screen (Table 4) . After adjustments, the odds of having a positive screen in previously married participants was 2.56 times (95% CI: 1.06, 6.18) that in currently married/co-habiting participants. Also, the odds of a positive screen in participants with greater than primary level education was 0.12 times (95%CI: 0.06, 0.26) that in participants with only primary education. The strongest predictor of a positive screen was the presence of symptoms associated with HIV-infection: after adjustment, the odds of having a positive screen in symptomatic participants was 12.16 times (95% CI: 3.08, 48.05) that in asymptomatic participants.
Discussion
In this study we report a high prevalence of a positive screen for dementia using the IHDS with more than half of participants on ART in Bamenda screening positive. We also show that the primary function that appears impaired, based on this screening tool, is psychomotor speed while motor speed and memory recall are relatively better preserved. Few predictors of poor neurocognitive function were identified, with HIV-symptomatology being the strongest and the others being marital status and level of education.
To the best of our knowledge this is one of the few studies documenting and characterising the type of neurocognitive disorders in patients already on antiretrovirals in sub-Saharan Africa. Our positive screen prevalence estimate is very much higher than the 21% reported by Njamnshi et al., in HIV-positive patients in Yaounde, Cameron [6] . Our estimate is however very similar to the 80% reported by Robbins et al., in a population of patients on ART in South Africa [14] . Other studies conducted in Africa indicated lower screen positive rates: 22% in ART naïve patients in Lusaka, Zambia [15] ; 14% in a mix of ART-naïve and experienced patients in Blantyre, Malawi (13.4% in patients on ART for at least six months) [16] ; 38% in HIV-positive patients in Gaborone, Botswana (97.5% of whom were ART-experienced) [17] . It is not immediately clear to us why such a high positive screen rate was recorded. However, amongst others, we suspect that this could be an indication of a truly high prevalence of neurocognitive disorders in these patients who were already on antiretroviral therapy, an indication of relatively advanced HIV-disease. It is worthwhile noting that in this setting antiretroviral therapy was only recommended in patients with CD4+ counts less than 200 or having an AIDS-defining illness (WHO stage IV).
The high screen positive rate could also potentially be due to the IHDS performing poorly (with a low specificity thus high false positivity rate) in this population. This poor performance could be linked to the use of antiretroviral therapy some of which are known to cause peripheral neuropathy which could potentially reduce psychomotor speed. It is worthwhile noting that a vast majority of the patients in this clinic were on non-nucleotide reverse transcriptase inhibitor (NNRTI)-based antiretroviral therapy, with the NNRTI being combined with two nucleotide-based reverse transcriptase inhibitors (NRTI). Zidovudine and lamivudine are the most commonly used NRTI and have been shown to have neurologic side-effects that include peripheral neuropathy [4] . Efavirenz is also commonly used and has been shown to have CNS effects [4] . The poor performance by the IHDS could also be linked to the education status of participants. In an analysis of the performance of IHDS, Waldrop-Valverde et al., showed that only education was significantly associated with performance [18] . Further, a study by Nitrini et al., showed that performance on the AHS was inversely correlated with the number of years of schooling [19] . We note however that Sacktor et al. found no effect of educational level on the performance of the IHDS [13] .
Though widely used, further studies are needed to validate the IHDS particularly in a large sample of patients on antiretroviral therapy and moderate to low education status [18, 20, 21] . This validation is particularly important as other authors have reported that certain screening tests may not be appropriate in certain populations. For example Robbins et al. in their assessment of the utility of the Montreal Cognitive Assessment scale reported that it may need to be modified before being used in South Africa [22] .
Few studies have examined correlates of neurocognitive disorders in patients on ART. Lawler et al. [17] identified level of education and age (and not CD4 count) as significant correlates of disorders in patients in Botswana. Patel et al. [16] identified male gender and education level as risk factors associated with neurocognitive disorders. Joska et al. also confirmed older age and low education level as factors associated with HAND in South Africa [23] . Njamnshi et al. [24] reported advanced clinical diseases, low CD4 counts and low haemoglobin levels as risk factors for HAND in HIV-positive subjects in Yaounde, Cameroon. The latter findings are consistent with our findings of positive screen being correlated with increased HIV-symptomatology, indicative of relatively advanced disease.
While validity of our findings is vouched, amongst others, by the use of a well-trained health personnel in administering the IHDS, the use of a calm and reassuring milieu while assessing the participants, the adequately large sample size of participants on antiretroviral therapy, and controlling for some confounding in the assessment of correlates, a number of limitations need to be considered in interpreting these data. First, the study is based on a screening tool, not a diagnostic tool -we did not systematically perform a diagnostic assessment and some of the positive screens could effectively be false positives. This limitation leads one to argue for a better assessment of not only the validity of the IHDS as a tool for screening for dementia in this population, but also for further prospective studies that evaluate the long-term evolution of patients who at some point screen positive for HAND. Only then will it be possible to make a recommendation on the utility, or lack thereof, of systematically screening in this population using the IHDS.
Other limitations include the lack of detailed information on HIV-disease such as CD4+ cell count levels and HIV-viral load at the time of study enrolment. However, the fact that these patients were on antiretroviral therapy and the high prevalence of symptoms suggest that the participants must have had advanced HIV-disease. The findings are certainly only representative of patients on antiretroviral therapy attending HIV-clinics like that of the Bamenda Regional Hospital. Some potential predictors could also have been missed as not all characteristics were assessed. The latter could also imply a limit on the adjustment for unmeasured confounders such as HIV-viral load.
Conclusion
If confirmed, our findings suggest that neurocognitive disorders may be a significant concern in HIV-infected patients in settings such as ours. These disorders appear more prominent in patients with symptomatic diseases. Nevertheless further studies assessing the validity of the IHDS compared to a more specific gold-standard, and prospective studies describing the long term outcomes of a positive screen, as well as the effectiveness of early interventions on these outcomes will be needed for the development of guidelines specific to this population.
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